Analyses of cationic dipyridocyanine dyes by liquid-secondary-ion mass spectrometry in a liquid matrix of meta-nitrobenzyl alcohol (mNBA) provide evidence for beam-induced addition reactions between the sample molecule (C) and the mNBA solvent. The ionic products of these addition reactions formally correspond to [C t mNBA -01]+, [C + mNBA -0, -HI'; and [C + mNBA -0, -2H]+. Initial loss of H from the adduct ion extends the conjugation of the adduct into the mNBA ring structure, whereas the final loss of hydrogen is thought to be promulgated by the formation of a benzylic radical stabilized through resonance with the rr-electron system of the nitrobenzyl alcohol. Alternatively, two hydrogens may be lost from the alcohol functionality to form an aldehyde. (I Am Sot Muss Specfrom 1994, 5, 1017 
B earn-induced reactions between sample molecules, between the sample molecule and the solvent matrix [l-5] , and extensive and varied reactions in the bombarded solvent itself [6-91 have been well documented in fast-atom bombardment (FAB) and liquid-secondary-ion mass spectrometry (LSIMS). Many reactions between the solvent and the sample molecules generally can be classified as acid-base reactions, intermolecular alkyl transfers, addition-substitution reactions, such as the simple additions of solvent to the sample to form [MH + solvent,,]+ ligand exchange reactions, or oxidationreduction reactions [IO] . Much work has been devoted to the documentation of oxidation-reduction reactions, in particular. A correlation has been drawn in several instances (primarily organic dyes) between the susceptibility of the sample molecule to reduction processes (formulated as addition of hydrogen atoms to the molecule) in FAB or LSIMS mass spectrometry, and the redox potential as established through independent experiments [Ill. ln studies with other sample classes (porphyrins, quatemary ammonium compounds), no rigorous correlation has been uncovered [12] .
For the formation of ions that correspond to simple addition products between solvent molecules (S) and sample molecules (M), simple noncovalent interactions such as hydrogen bonding are thought to hold the adduct together. Although as many as five solvent molecules can be bound to a single sample ion [13] , no discrete structural features within the sample molecule have been identified that facilitate adduct formation. In some cases, product ion tandem mass spectrometry experiments further show that collision-induced dissociation does not force simple reversion of the complex to the ionized sample molecule and the neutral solvent molecule [13] . Little attention usually is paid to these addition products; they are simply identified as [MH + solvent,]+ and play only a straightforward role in confirmation of the molecular mass M. In this communication,
we report an unusual addition reaction between a sample molecule and the solvent molecule that involves deoxygenation of the solvent.
This adduct ion then undergoes further fragmentations to form resonance-stabilized product ions.
Experimental
Four dipyridocyanine dyes were synthesized [ 141 (Figure 1) . Three molecular cations l-3 contained iodide as the counterions; the fourth dye was comprised of cation 2 with tetraphenylborate as the anion. Positive ion mass spectra of the cation and product ion tandem mass spectra of mass-selected adduct ions were acquired on a VG 70-SEQ hybrid mass spectrometer (VG Analytical Ltd., Manchester, UK) of EBqQ geometry. The primary ion beam was produced from a thermionic cesium ion source operated at 35 kV, which Struchms of the cations l-3 for the series of dipyridocyanine dyes studied by liquid-secondary-ion mass spectrome-@Y.
pA/cm2.Collision-induced dissociation at 60-eV (laboratory frame) collision energy was used to fragment the adduct ion at m/z 320. Ambient air was used as the collision gas at a pressure sufficient to attenuate the parent ion by 50%. CsI was used to calibrate the mass scale of the instrument and mass resolution was determined at baseline as 1000. Exact mass measurements were carried out on a VG 70s instrument (VG Analytical) equipped with an Ion Tech (Middlesex, UK) source at a mass resolution of 8000. meta-Nitrobenzyl alcohol (mNBA) was used as the solvent for LSIMS. meta-Nitrobenzyl alcohol, maminobenzyl alcohol, and a second matrix, o-nitrophenyl octyl ether, were obtained from Aldrich Chemical Co. (Milwaukee, WI). Approximately 50 pg of sample was added to 5 PL of the matrix for each dye; 1-2 PL of the sample solution was placed on the stainless steel probe for each run.
Results and Discussion
The positive ion LSIMS mass spectrum (without background subtraction) of dipyridocyanine dye 1 is given in Figure 2 and an ion at m/z 185 corre sponds to an addition of hydrogen to the methyl-loss product ion or to direct loss of a methylene gl'oup from the cation. Sample-related ions at masses higher than that of C+ are observed at m/z 304,318,319, and 320. The spectrum was averaged over lo-scan increments during the run total of 30 scans. The insets in Figure 2 , limited to the mass range of 280-330 u, show an increase in intensity over successive lo-scan increments for the adduct ions with respect to the intact cation, constant at 100% relative intensity. Other peaks in the mass spectrum can be attributed to the proto- The known empirical formula of cation 1 is C,,H,,N,, the measured exact mass for the adduct suggests an ion empirical formula of C,,H,,N,O, so that the atoms added sum to C7H,N0.
This moiety is related to nitrobenzyl alcohol, itself C,H,NO,, through loss of 0,. Adduct ion formation therefore corresponds to a deoxygenation reaction of the nitrobenzyl alcohol. The exact nature of the reactive species is unclear. Ions at m/z 136 and 137 in the mass spectrum of the mNl3A solvent correspond to dissociations that involve the loss of at least one oxygen atom as OH or H,O. There may be neutral analogs to these ions that are reactive with the sample cations and from which another loss of oxygen may occur. It also has been suggested that the nitro group in mNBA can be reduced to an amine (a deoxygenation) in a beam-induced reaction, and species derived from the amine rather than the original solvent molecule may be involved in the mechanism. Accordingly, a mass spectrum was acquired of cation 1 in glycerol with m~aminobenzyl alcohol (mABA) added. A low intensity ion at m/z 320 was observed; however, the intensity of this ion does not increase over the course of the analysis. Instead, the ions at m/z 199 and 320 both decrease in intensity, whereas the ion at m/z 124, [m.ABA + HI+, remains approximately the same. Therefore it does not appear that the reduced form of mNBA (mABA) adds to the sample molecule. The time dependence as well as the enhanced intensities of the adduct ions differentiate them from background signals at these same masses. To support the formation of the adduct ion as suggested, the mass spectra of dyes 1 and 2 also were recorded with an o-nitrophenyl octyl ether (NPOE) matrix. The mass spectrum of dye 1 contains the expected adduct ion at m/z 418 that corresponds to addition of NPOE to the sample molecule with loss of Oz, and the mass spectrum of dye 2 in NPOE contains The appearance of the adduct ions at the appcopriate masses in the mass spectra of the homologous dipyridocyanine dyes supports the proposed structures. Because the time dependencies are similar in each case, we concluded that the adduct ions were the result of beam-induced reactions. The secondary-ion current intensity for the adduct ion for each of the cationic dyes increased over time, whereas intensities of mNBA and the sample decreased, a phenomenon considered to be indicative of a beam-induced reaction r14, 161. I Am sot Mass Spectrom 1994,5,1017-1020
Conclusions
The adduct ions observed in the LSIMS mass spectra of these dipyridocyanine dyes are formed in an addition reaction that formally corresponds to deoxygenation of the solvent matrix molecule. As such, the reaction represents a type of reduction reaction initiated by the primary ion beam reported in only a few other instances [ 15-171. A significant difference here is that the deoxygenation involves the matrix rather than the sample molecule. Expulsion of a single hydrogen atom from the adduct ion appears to be driven by the opportunity to extend the conjugated r-electron system of the proposed structure. Loss of a second single hydrogen atom to form the particularly stable benzylic radical would allow still further extension of the conjugated system as would the loss of two hydrogen atoms to form the aldehyde from the alcohol. The timedependent intensities of the mNBA ion and the adduct support the contention that this reaction is beam induced. Loss of 0, is supported by the results of the exact mass experiment and the proposed structure is further supported by the results of the collision-induced dissociation experiments.
